A typical problem of BiPV systems (Building Integrated Photovoltaic) is the power loss due to temperature increase, because modules often operate close to the building envelope with low ventilation. It is thus essential to properly evaluate and compare the PV temperature conditions of different PV module categories (in terms of PV technology and material type). Several explicit correlations exist for the evaluation of the PV module temperature, among which the simplest and most handy is a linear expression (i.e. T mod =T amb +k G) which links T mod with the ambient temperature (T amb ) and the incident solar radiation flux (G). Within this expression the value of the dimensional parameter k, known as the Ross coefficient, depends on several aspects (i.e. module type, wind velocity and integration characteristics). However, dispersed values for this parameter can be found in literature (in the range of 0.02-0.06 K m 2 /W) according to different module types, while more information are provided regarding different integration characteristics. This paper aims at giving an overview of the value of k for different module types according to monitored data registered over one year time period at the ABD-PV plant in Bolzano (Italy).
Introduction
A typical problem of BiPV systems (Building Integrated Photovoltaic) is the power loss due to temperature increase, because modules often operate close to the building envelope with low ventilation (Nordmann and Clavadetscher, 2003 [1] ) (Trinuruk et al., 2009 [2] ) (Maturi et al., 2012 [3] ). The operating temperature in fact plays a central role in the photovoltaic conversion process, as well as on the electrical efficiency and, hence, the power output of a PV module depends practically linearly but rather strongly on T mod , decreasing with it [4] . It is thus essential to properly evaluate the module temperature profile for different PV working conditions. Several explicit correlations exist for the evaluation of PV module temperature [2, 4, 5, 6, 7, 8] , among which the simplest is a linear expression (i.e. T mod =T amb +k G) which links T mod with the ambient temperature (T amb ) and the incident solar radiation (G).
This paper aims at giving an overview of the values of k for different module categories according to monitored data registered over one year time period (August 2012 -July 2013) at the ABD-PV plant in Bolzano (Italy) allowing to evaluate and compare PV module temperatures of different module types. 
Nomenclature

Experimental set-up
The modules investigated are listed on an anonymous basis in Table 1 . The six monitored modules are installed on a rack with a fixed inclination of 30° (grid connected system) almost facing South, located in the ABD-PV plant of the airport "Aeroporto Bolzano Dolomiti" in Bolzano (North of Italy), which is in operation since August 2010. The European Academy of Bozen/Bolzano (EURAC) is the scientific responsible for monitoring the performance of the ABD-PV plant (Colli et al. [10] ). Electric and production data regarding PV modules are recorded automatically by the inverters with a frequency of 15 minutes, while the PV back of module temperature is recorded every minute by means of temperature sensors (Pt100) attached on the back side of th located in measurem acquisitio 
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Filtering procedure
A filtering is performed on the 15-minutes data before calculating the Ross coefficient k. The first filter exclude points corresponding to a ratio of diffuse and global irradiance higher than 0.20 in order to consider just clear sky conditions, i.e. conditions in which the direct irradiance component is predominant on the diffuse one.
A second filter considers points as valid only within the range PR avg ±σ, where:  PR avg is the average value of performance ratio of the PV array for the considered period, defined by the international standard IEC 61724 [15] as:
where E is the energy production (Wh), P n the array nominal power (W) and G STC the irradiance under STC conditions (1000 W/m 2 )  σ is the standard deviation In this way, outlier points are excluded which correspond to situations in which the PR is too high or too low, respectively due to irradiance on the module larger than the one measured by pyranometer, and irradiance on the module lower than the one measured by pyranometer. This condition may occur with a not-uniform cloud cover or shadowing due to obstacles, such as mountains, and is more evident the longer is the distance between module and irradiance sensor.
Finally, points corresponding to morning time are filtered out. The reason for this can be seen in Figure 4 , which represents T mod,avg -T amb against irradiance after applying the two previously described filters. Points related to glassglass modules (as for example mc-Si2) show a different trend depending on the time of the day. A lower curve is clearly visible, which correspond to points measured in the morning (approximately before 1 PM). During this period of the day, the glass-glass module seem to be affected by thermal inertia: the module heats up due to increasing ambient temperature and irradiance, but the back of the module temperature does not increase simultaneously, lagging up to 5 degrees behind the cell temperature until thermal equilibrium is reached . The same effect occurs also during the afternoon when the module cools down but in a minor extent, and the linearity of T mod,avg -T amb with G is less affected.
Thermal inertia has been observed by different authors [16, 17] , and it seems to occur also on glass-tedlar module (see Figure 4a ), but is less visible. Its effect on different module types will be deeper analyzed in a future study. 
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The experimental coefficients a, b and c referred to equation (2) , are summarized in Table 5 . As expected, results obtained from this equation for v wind =1, are in good agreement with the ones presented in paragraph 4.1. 
Conclusions
In this paper an overview of k values evaluated experimentally for six module types is provided and a wind dependence of k has been introduced.
The main conclusions follow:  The highest values of k, which means the highest back of the module temperature at a certain G, is given by the three glass-glass (G-G) module types (k Tmod,c from 0.033 K m 2 /W to 0.037 K m 2 /W ). The glass-tedlar (G-T) module types operate at slight lower temperature values (k Tmod,c ranging from 0.029 K m 2 /W to 0.032 K m 2 /W).  The thermography measurements show that the NF modules present a temperature gradient within the panel (around 7.1°C) quite higher compared to the WF modules (around 2.5°C). This behavior is confirmed by other measurements carried out with 4 temperature sensors placed in 4 points of the module back side, which report a ΔT max from 4.5°C to 6.3°C for WF modules and ΔT max exceeding 8°C for NF modules. This could be due to the fact that lateral parts of the NF modules are significantly cooler, due to the absence of the metal frame. Consequently, temperature values measured in one central point of the module could be considered as representative of the average operating temperature for WF modules while, for NF modules, it could be significantly different.  The role of the module thermal inertia should be taken into consideration when analyzing module back-side temperature data. As the thermal inertia of G-G modules is higher than the one of G-T modules, the effect of thermal inertia is more visible for these type of modules.
